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[Claim 2] The electrophotographic carrier according to claim 1, wherein the 
silicone oil is a fluorine denatured silicone oil. 

[Claim 5] The electrophotographic carrier according to any of claims 1, 3, and 
4, wherein the silane coupling agent is a silane coupling agent having a 
amino group. 

[0019] 

[Example] Hereinafter, the present invention will be described based on 
examples. 



[0020] Example 1 

A coating liquid containing 200 parts by weight of 
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polytetrafluoroethylene (60 % solid content), 5 parts by weight of carbon 
black, 1,500 parts by weight of 1 % aqueous solution of fluorine surfactant, 
12 parts by weight of fluorine denatured silicone oil (manufactured by Dow 
Corning Toray Silicone Co., Ltd., FS1265), and 2.4 parts by weight of silane 
coupling agent (manufactured by Dow Corning Toray Silicone Co., Ltd., 
SH6070) was prepared, 5,000 parts by weight of magnetite having an 
average particle diameter of 80 iim was added into a fluidized bed spray 
coating apparatus, and the core materials were coated with the coating 
liquid under 90 °C heating of the inner tank temperature. Next, the coated 
core materials were removed from the apparatus and heated at 330 °C for 2 
hours in a furnace to cure the coating film, and agglomerates were removed 
by a predetermined screen to obtain a carrier. As for a toner, a mixture of 
200 parts by weight of polystyrene, 0.4 part by weight of tertiary ammonium 
salt, and 11 parts by weight of carbon black was kneaded by a two roll mill 
under 100 °C heating, and the mixture was cooled, pulverized, and classified 
to obtain a toner having an average particle diameter of 12 jim. A 
two-component developer of 2.5 % toner concentration was prepared from the 
above mentioned carrier and the toner. Furthermore, a dielectric constant 
of the toner was 4.2. 

[0021] Example 2 

A coating liquid containing 550 parts by weight of silicone resin (20 % 
solid content), 8 parts by weight of carbon black, 550 parts by weight of 
toluene, 11 parts by weight of methylhydrogen silicone oil (manufactured by 
Dow Corning Toray Silicone Co., Ltd., SH1107), and 5 parts by weight of 
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methyl trimethoxy silane (manufactured by Dow Corning Tor ay Silicone Co., 
Ltd., SH6070) was prepared, 5,000 parts by weight of magnetite having an 
average particle diameter of 80 Jim was added into a fluidized bed spray 
coating apparatus, and the core materials were coated with the coating 
liquid under 95 °C heating of the inner tank temperature. Next, the coated 
core materials were removed from the apparatus and heated at 340 °C for 2 
hours in a furnace to cure the coating film, and agglomerates were removed 
by a predetermined screen to obtain a carrier. A two-component developer 
of 2.5 % toner concentration was prepared using the same toner as example 
1. 

[0022] Example 3 

Except for using dimethyl silicone oil (manufactured by Dow Corning 
Toray Silicone Co., Ltd., SH200) in place of the silicone oil in example 2, a 
two-component developer of 2.5 % toner concentration was prepared in all 
the same manner as example 2. 

[0023] Example 4 

Except for using an amino silane coupling agent (manufactured by 
Dow Corning Toray Silicone Co., Ltd., SH6020) in place of the silane coupling 
agent in example 2, a two-component developer of 2.5 % toner concentration 
was prepared in all the same manner as example 2. As for a toner, a 
mixture of 100 parts by weight of styrene- acrylic copolymer, 2 parts by 
weight of chromium -azo dye, and 13 parts by weight of carbon black was 
kneaded by a two roll mill under 100 °C heating, and the mixture was cooled, 
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pulverized, and classified to obtain a toner having an average particle 
diameter of 12 jim. A two-component developer of 2.5 % toner concentration 
was prepared using the above mentioned carrier and the toner. 
Furthermore, a dielectric constant of the toner was 4.0. 

[0024] Example 5 

Except for using an amino silane coupling agent (manufactured by 
Dow Corning Toray Silicone Co., Ltd., SH6020) in place of the silane coupling 
agent in example 3, a carrier was prepared in all the same manner as 
example 3. A two-component developer of 2.5 % toner concentration was 
prepared using the same toner as example 4. 

[0025] Example 6 

Except for using a chlorosilane coupling agent (manufactured by Dow 
Corning Toray Silicone Co., Ltd., SH6076) in place of the silane coupling 
agent in example 1, a two-component developer of 2.5 % toner concentration 
was prepared in all the same manner as example 1. 

[0026] Example 7 

Except for using a chlorosilane coupling agent (manufactured by Dow 
Corning Toray Silicone Co., Ltd., SH6076) in place of the silane coupling 
agent in example 2, a two-component developer of 2.5 % toner concentration 
was prepared in all the same manner as example 2. 

[0027] Example 8 
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Except for using a chlorosilane coupling agent (manufactured by Dow 
Corning Toray Silicone Co., Ltd., SH6076) in place of the silane coupling 
agent in example 3, a two-component developer of 2.5 % toner concentration 
was prepared in all the same manner as example 3. 

[0028] Example 9 

Except for using a fluorine denatured silicone oil (manufactured by 
Dow Corning Toray Silicone Co., Ltd., FS1265) in place of the silicone oil in 
example 2, a two-component developer of 2.5 % toner concentration was 
prepared in all the same manner as example 2 . 

[0029] Example 10 

Except for using a chlorosilane coupling agent (manufactured by Dow 
Corning Toray Silicone Co., Ltd., SH6076) in place of the silane coupling 
agent in example 9, a two-component developer of 2.5 % toner concentration 
was prepared in all the same manner as example 9. 

[0030] Examples 11 to 18 

Except that the kneading temperature of two roll mill in the 
preparation of the toner in example 1 was changed to 130 °C, a toner was 
prepared in all the same manner as example 1. A dielectric constant of the 
toner was 3.0. Two-component developers of 2.5 % toner concentration were 
prepared by mixing the toner with the carriers according to examples 1, 2, 3, 
6, 7, 8, 9, and 10, respectively. 
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[0031] Examples 19 and 20 

Except that the kneading temperature of two roll mill in the 
preparation of the toner in example 4 was changed at 130 °C, a toner was 
prepared in all the same manner as example 4. A dielectric constant of the 
toner was 2.80. Two-component developers of 2.5 % toner concentration 
were prepared by mixing the toner with the carriers according to examples 4 
and 5, respectively. 

[0032] Examples 21 to 28 

A mixture of 47 parts by weight of styrene-n-butyl acrylate resin, 2.5 
parts by weight of polypropylene, 2.5 parts by weight of nigrosine dye, and 48 
parts by weight of magnetic substance was kneaded by a two roll mill under 
100 °C heating, and the mixture was cooled, pulverized, and classified to 
obtain a toner having an average particle diameter of 12 jim. A dielectric 
constant of the toner was 4.5. Two-component developers of 15 % toner 
concentration were prepared by mixing the above mentioned toner with the 
carriers according to examples 1, 2, 3, 6, 7, 8, 9, and 10, respectively. 

[0033] Examples 29 and 30 

Except for using 3 parts by weight of chromium-azo dye in place of 
the nigrosine dye in the preparation of the toner of examples 21 to 28, a toner 
was prepared in the same manner as examples 21 to 28. A dielectric 
constant of the toner was 4.5. Two-component developers of 15 % toner 
concentration were prepared by mixing the above mentioned toner with the 
carriers according to examples 4 and 5, respectively. 
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[0034] Examples 31 to 38 

Except for using 33 parts by weight of magnetic substance and 3.5 
parts by weight of nigrosine dye, a toner was prepared in the same manner 
as examples 21 to 28. A dielectric constant of the toner was 3.3. 
Two-component developers of 15 % toner concentration were prepared by 
mixing the above mentioned toner with the carriers according to examples 1, 
2, 3, 6, 7, 8, 9, and 10, respectively. 

[0035] Examples 39 and 40 

Except for using 33 parts by weight of magnetic substance, a toner 
was prepared in all the same manner as examples 29 and 30. A dielectric 
constant of the toner was 3.2. Two-component developers of 15 % toner 
concentration were prepared by mixing the above mentioned toner with the 
carriers according to examples 4 and 5, respectively. 

[0036] 

[Comparative Example] 
Comparative example 1 

Except that the silicone oil and the silane coupling agent were not 
added, a developer was prepared in the same manner as example 3. 

Comparative example 2 

Except that the silicone oil was not added, a developer was prepared 
in the same manner as example 3. 
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Comparative example 3 

Except that the silane coupling agent was not added, a developer was 
prepared in the same manner as example 3. 

[0037] The developers of examples 1 to 40 and comparative examples 1 to 3 
were evaluated for durability by measuring each amount of toner spent and 
of electrification, and each density of image and of base surface of a 
photoreceptor as mentioned below. The results were described in Table 1. 

1. A toner in a developer was removed by a blow-off apparatus, 2g of the 
remaining carrier was added to 10 g of a solvent, and the mixture was 
vibrated for 1 minute with an ultrasonic cleaner to elute a spent toner. A 
transmissivity of the solution (%) was measured with a turbidimeter and the 
value was regarded as an amount of toner spent of an initial agent. 

2. An amount of electrification for a developer was measured immediately 
after a carrier and a toner were mixed, and after 100,000 pieces were 
printed. 

3. Next, an image was printed using a copying machine which is capable of 
producing 80 copies per minute of A4 paper and manufactured by Ricoh Co., 
Ltd., and a density of image copied by an initial agent was measured. 
Furthermore, a toner attached on a base surface part on a photoreceptor was 
transferred to a transparent adhesive tape, and then the tape was attached 
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on a white tape to measure a darkness. However, in examples 4, 5, 6, 7, 8, 
10, 14, 15, 16, 18, 19, 20, 24, 25, 26, 29, 30, 34, 35, 36, 38, 39, and 40, for 
examination of an effect of the silane coupling agents having an amino or a 
chloro group, a copying machine capable of producing 100 copies per minute 
was used. 



4. The image darkness was measured by continuous copying of 100,000 
copies using the above mentioned copying machine. Furthermore, the 
darkness of the base surface part on the photoreceptor was measured in the 
same manner as 2. The amount of toner spent was measured in the same 
manner as 1, too. 



[0038] 
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[0039] 

[Effect of the Invention] By coating a carrier surface with a mixture 
containing a silicone oil, and a resin and a silane coupling agent obtained by 
the invention, the obtained carrier can prevent toner-spent and deterioration 
of an amount of electrification, so that even a long term continuous high 
speed copying, deterioration of image density and toner adherence to a base 
surface part are not observed and excellent image can be obtained. 
Furthermore, a developer obtained by addition of a toner to the carrier can 
reduce toner spent and withstand a long term high speed copying even a 
magnetic toner is used with a high toner concentration. 
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